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WELLBORE CASING 
Cross Reference To Belated Applications 
This application dams the benefit of the fifing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.8, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates ganeralty to wellbore casings, and in particular to 
wellbore casings that ma formed using expandable t ubi n g 

Conventionally, when a wellbore is created; a number of casi n g s ate 
5 installed in the borehole to prevail! collapse of the borehole wail and to prevent 
undeslred outflow of drilling fluid into the fonnationorhiflowof fluidf^ 
formation into the borehole. The borehole fa drflledin intervals whereby a easing 
which k to be installed in a lower borehole interval is lowered through a i>reviousiy 
installed casingof an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is ofamaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreaHingtodownwart direction ^ 

surfaces of the casmgB an d the borehole wantoeealtbeeflBingsn^mthel)CTOhole 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs doe to heavy casing handling equipment, large 
drill bits and increased volumes of orflhng fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes doe to large variations in hole diameters 

20 drilled in the course of the welL and the large volume of cuttings drilled and 
removed. 

He present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing to a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided th at hvhidca fastening a tabular hW and » 



in the borehole, iiuectingfhudic material into the borehole! and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel 

According to pnnthpr aspect of the present invention* a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A 

then placed into the new section of the borehole with tabular faw nroFiAppfag 
an already existing casing. A hardenable fhiidic sealing material is injected into 
an Artnpfrr region between the tutralar liner and the new section of the borehole. 
The grm\il«r region between the tubular Hnex and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular hher below the 
mandrel A nan hardenable fhiidic material is then injected into the interior 
region of the tnh"1*r liner below the mandreL The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
caging is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the harden able fhiidic sealing 
mat erial is removed from the interior of the tubular finer. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fhiidic hardenable ra iling material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The Bhra 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to fmflftw* aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage r a second fluid passage , and a 
flow control valve coupled to the first The expandable 
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mandrel is coupled to the support mgmW anfi inetoten a third fluid passage, The 
tubular member is counted to the mandrel end includes one or more sealing 
elements. The shoe is coupled to the tubular member and imludee a fourth fl^ 
passage. The at least one sealing member ia adapted to prevent the entry of 
5 foreign material into an m t erior r eg i on of the tubular member, 

According to arother aspect of the preeent invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greate 

member, is provided t hat includes position ing a mandrel within an interior region 
10 of the second tubular member. A portion of an interior regkm of the second 
tubular member is pressurized and the second ttibdUr member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an anmilarnieniber having one or more sealing members 
16 at an end portion of the amnilarinember r an^ 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of * mandr el 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fhridir foaling material. The tubular liner is fbrmedbythe 
process of extruding the tubular finer off of a mandreL The annular body of a 
25 cured fluidk sealing material is coupled to the tnhnUi- Hr^ 

According to another aspect of the present invention, en apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, atubular member andashoe. The support member inchides a first IhiH 
passage. The mandrel ia coupled to the support member. The mandrel includes 
30 a second fluid passage operahfr coupled to the first fluid passage, an interior 
portion, and an exterior portion. Hie interior portion of the mandrel is drillable. 
The tiibnlar member is cou^ The shoe is coupled to the tubular 
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member. The shoe j™-hiH*»t a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion- The interior portion of 
theshoeisdrillable. 
Brief Description of the Drawings 
5 FIG. lis 11 fragmentary cross-eectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary crosa-aectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3Ua fragmentary cross-sectional view illustrating the injection of a 

first quantity of a hardenable floidk sealing material into the new section of the 
well borehole. 

FIG 3fl iff fl^pftH* 1 ' fVy gm^n twry rrnwa-wriinnAl view illustrating the injection 
of a first quantity of a hardenabk fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic Beating material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view ilhiHtraling the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FTG ? is a fr »gmfm*Ar y rmfUMtfrtiflnal illustration of the plarpmpnt of an 
grpffpdpd tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing i nri udipg a driHable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross sectional fflnsfaratkn of * wellbare includin g a pair of 
eifracent overlapping casings 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an espandible tubular member. 
5 FIG. 10c is a eroaa-aect im itl illustration of the pampmg of a fhndic sealing 
material into the annular region between the tubular mEnto 

casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOeisaarott-aectkmali^ 
member off of the mandreL 

FIG. lOfiaaetoaa-aediaralffl^ 
out the shoe and packer. 

FIG. lOg is a cross-sectkmal illnstration of the completed tie-hack liner 
15 created using an ex pendible tubular member 

FIG. llaisafiagmeixtaiycioss^ectional view 
new section of a well borehole. 

FIG. 1 lb is a fragm en tary cross-sectional view illustrating the placement of 
en embodiment of an apparatus for hapymff a tubular limy wfthf^ tfr fr mrw recti on 
20 of the well borehole. 

nG. 11c is a fragmentary cx^^ 

afirstquan^ofahardenablen^ 
well borehole. 

FIG. lldisafragmentarycroeaHjec^^ 
25 of a wiper dart into the new section of the well borehole. 

HG. lie U a tegmental* croaw 
a second quantity of a haidapablefhifdw 
the well borehole. 

HG. llf is a fragmentary cross-sectional view fflnstrating the completion 
30 of the tubular liner. 
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Detailed Description of the mastntive Embodiments 
An apparatus and method for farming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then flitn i rting the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member. Hie apparatus and method farther permits atjjacent tubular 
members in the wellbore to be j oined using an overiappmgjoint that prevents fluid 
and or gas passage. The apparatus and method Anther permits a new tubular 
10 member to be supported by an existing tabular member by expanding the new 
tubular member into engagement with the grating tubular member. The 
apparatus and method farther m™""**— the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel fay pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weDbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be suppor ted by an exi st in g tubular member by ■*p*™flit*g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole regkm, the apparatus 
may be easily removed. 

An apparatus and method for ^""E^f an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to a n existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 
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Referring intti s H y to Figs. 1-6, ■« »wi^w"»"tnf«i« apparatus »"d Tn«n^wi 
for forming a wellbcre casing within a subterranean formation will now be 
described. As illustrated in Rg. 1, a wellbore 100 is positb 
formation 105. The wellbore 100 includes an easting cased section 110 having a 
5 tabular casing 116 and an annular outer layer of cementl20. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is need in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 290 for forming a wellbore casing in 
10 a subterranean formation is then positioned in the new section 130 of the wellbore 
100. The apparatus 200 preferably includes an expandable niandrel or pig 205. o 
tubular member 210, a shoe 216, a tower cup seal 220. an upper cnp seal 225, a 
fluid passage 230, s fluid passage 235, aftaidpsa8Bge240,8eals245,andasu3mort 
member 250. 

15 The Expandable mandrel 205 is coupled to and supported by the support 

memb er 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandrel 205 comprises a hydraulic expanaiDn tool as 
disctoead in IXS. Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

lie tabular member 210 is supported by tto The 
26 tubular member 210 is expanded m tba mdial direction and extruded off o 
e xp andab le mandrel 205. Tho tubular member 210 may be fabricated from any 
number of conventional commercially available msterials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromhan steel tahing/casing, or 
plastic tubing/casing. In a preferred enfoodiment, the tubular member 210 is 
80 fabricated from to order to niaxim The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respective*/. In a preferred 



embodiment, fo* ™y?r fmrf nn*t*r diameters of the tubular member &i ft ^^p* frir™ 
about 3 to 15 -6 inches and 3£ to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the maiidrel 205 
when it completes the extrusion of tubular member 210. In a pr e fe rre d 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

Tim shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
fra c rring* of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 amrHflnre wffo theteadiingBoftheprMBntdiaclosn^inoiderto optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a pi^erred embodiment, the shoe 215 indudes one or more through and 

side outlet ports in fhudic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fmidic aealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receiveadartand/orabaUBeaHngmember. In this manner, the fluid passage 240 
can be optimally sealed ofFby introducing a plug, dart and/or baUae 
into the fluid passage 280. 
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The lower cap real 220 is coupled to and supported by the support member 
260. The lower cop seal 22Q prevents fawi gw materi als frrm ^fr^rmgthft interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercially 
5 available cop seals such as, for example, TP caps, or Selective Injection Packer 
(SIP) cups modified in accordance with the twwfrrngs of the present disclosure . In 
a preferred embodiment, the lower cup aeal 220oompriasea8IP cup seal, available 
torn Halliburton Energy 
materia] and contain a body of lubricant 

10 The upper cupteal 225 iacoupled to and saw»rtedl^tl» support meinber 

260. The upper cup aeal 22fi prevents foreign Is from fptering the interior 

region of the tubular member 210. The upper cup aeal 226 may comprise any 
number of conventional commercially available "*p *pch m w tiy ~m**p]^ TP 
cups or SEP cups modified in accordance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 226 comprises a SIP 
am, available from Halliburton Ene 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular menuw 210 below the expano^le mandrel 

20 206. The fluid passage 230 is coupled to and positioned within the support 
member 260 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the ex pand able 
mandr el 205. The fluid passage 230 is preferably posffioned along a <^terlina of 
the apparatus 200. 

26 The fluid passage 230 is preferahty 

operation, to transport materials such as drilling mnd cr formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 galkmitemuta and 0 to 9,000 
pa in order to minimize dray on the tabular member being run jirf ynmrm^ 
surge pressures exerted on t^ 

30 and lead to hole collapse. 

Thefluid passage 235 permits fh^ 
passage 230. In this manner, during placement of the apparatus 200 within the 



new section 130 of the wellbore 100, fluid* mattTiah 255 forced up the fluid 
passage 230 can be released into tfaewellbore 100 above the tabular member 210 
thereby mfniTniring surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve For controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably irriniTnli* surge pressures. The 
fluid passage 235 is preferably positioned substantial^ orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaflonaAninute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section ISO of the wellbore 100 and to minim!?* surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 belovf the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerlineof the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallonatainute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive ■ dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed ofFby introducing a phig, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 246 are further iK*itionedonan<wtex8 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the om^ 115 and the portion 
2«) of the tubular member 210 tobe fluids The seals 245 may comprise 

any number of conventionaJ conunerdaUy available seals auch as, for example, 

10 lead, rubber. Teflon, or epoxy seals modified fa accordance with th* i—*^ of 
the preeent disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalock epoxy available from Haffiburtoo Energy Services to Da^ 
to optimally provide a load bearing interlfeience fit between ti»e end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 

15 In a preferred raboo^ment, the seals 245 are aalec^ 

a sufficient fHctionalfbrceto 

existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support iriember2«) is coupledtotheexp 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength tc carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodhnent, the support member 2M 
25 centraWra (not Illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this mmre , the extrusion of the tubular member 210 off 
crfthe expandable mandrel 20^ The hihricant275niay comprise any 

30 number of coiwentkmal comnieicia^ 

Lubripta^rhlni^ based hibricants, oflboaedhibrfcentoorafanax lgOOAntisieze 
(3100). In a i>referred embodhnent, the tabricant 275 comprises Climax 1500 
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Antisiexe (3 100) available from Climax Lubricants and Equipment Co. in Houston, 
TK in order to optimally provide optimum fabrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the mtnxfuetion of foreign material into the apparatus 200 is rninimizeA This 

m jniWg»«tK» po^rfKfi^y f^fHrmyn material ^Q^^^ the VHriotlA flow paasagftg 

valves of the apparatus 200. 

In a preferred mWnn««* , hoffrr* or aftw petitioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of weEbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weObare 100 that might dog up the various flow passages and valves of the 
apparatus 2 00 y^ri to ensure that no foreign material interferes wi th the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed andahardenabb 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the aimular region 
315 between the exterior of the tubular member 210 and t^ 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 galtona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sixes, wellbore section length, 
available pumping equipment, and fluid properties of the fhiidic material being 
pumped. The optimum flow rate and operating pressure arepiefera^ 

30 using conventional empirical methods. 

The hardenahle fhiidic sealing material 305 may comprise any number of 
conventional commercially available hardermhle fluidic sealing materials such as, 



-12- 



for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenahle flsridic sealing material 805 comprises a blended cement prepared 
spe cific fifty for the particular well section being drilled from Halliburton Energy 
Services in Dallas. TK in order to provide optmud rapport fo 
5 while also maintajnfaigoptgmim flow characteristics so as to minimize difficulties 
during the rfi Bp lacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empiri cal 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient quantities to etisure that, upm 
210, the annular wgionSIS of the ji^ 
with material 305. 

In a. particularly preferred- embodiment , as fflostrated in Fig. 3a, the wall 
t hic t neiw a n d / or the outer diameter of the tabular member 210 is reduced in the 
16 regicai adjacent to the mandrel 

apparatus 200 inpoaitiona in Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 fflled with material 3^ 

fluid pasaage 240 thereby fluidity isolating the interior region 310 ftom the 
annular region 315. In a preferred embodiment, a non-haidenable fiuidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interim 
25 not contain agnffirfint ■monntw of enredmaterial 305. ThmreA^**A^r*K~ 
the cost ofthe entire process. Alteniativefcthemal*^ 
this phase of the process. 

Once the mterior region 31Q beoomea 
member 210 is extruded ofTof the expaiulablemandrel 205. During the extrusion 
30 jmxs^thecnpandWema^ 

the tabular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at 
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member 210 is w^i^y^ff i in odder to keep the tabular member 210 stationary 
relative to the ne w we l lbore section 130. in an alternative preferred embod bnent, 
tb* ffrtrvg*™ p^»w is fo piTTwnffprf with the tabular member 210 po sit io n ed above 
the bottom of the new weObore section 130, keeping the mandrel 206 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid pasaage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The plug 405 preferably acta to flmdicfr isolate the hardenable fluidk 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices firtmi plugging afhaid passage such as, fcm 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down phxg modified in accordance with the teachings of the present disclosure. In 
15 apreferred embodiment, the plug 405 co^ 

from Halliburton Energy Services in Dallas, TIL 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and SO 
20 to 4,000 gEllons/min. In this manner, the amount of hardenable fluidic sealing 
material wi thin the interior 310 of the tubular member 210 is minimised- In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 gftiirmVmrn fa order tn mftrtmize the extrusion speed* 

In a pref erred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the waflt hirVna^ the smaller 
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the inner diameter, and the greater theyieMBtrengUioftte tubular mexnber 210, 
then tliegnwter the operatmgpres^ 
210 off of the mandrel 205. 

For typical tubular members 210, the extruaaonofthe tubular member 210 
5 off of the ftxptnrtnhlr mR TTdrel wfll begin when the pressure of the interior region 
310 reaches, for example, approximately 600 to 9,000 peL 

During the extrusion process, the expandaWe mandiri 205 may be raiaed 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from aboutO to Sft/aec. Inapreferredeml>ooiment,duri^^ 
10 pnwtheexpaiJdableniazi^ 

tulrularinember210at rates rangh^frtm 

the time required fox the expansion process white also iwmittmgea^ 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
16 expendable mandrel 206, the outer sui^ 265 of the eiid portion 260 of the 
tubular nieniber 210 wfll prefer 

portion 270 of the casing 115 to form an fluid tight overlapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pal Inapiefonedenibodmient. the contact pre^ 
20 joint ranges from approximate* 4M to 10^)00 pd m onler to provide oi»timum 
pressure to activate the annular sealing members 246 and optimally provide 
tesistance to axial laotion to accmnm^ 

The overlapping jomt between 1^aec±ion410of the exisn^ 



s a gaseous 

26 andfluidksssl In»Ptttiailaxfr prefab 

ojjtuni%provine a fluidic siuigawmiasslmtheoTBdai^jomt. 
Ina preierredembooiineiit, tte o^ 

harrimnhlr Oinrlir m ntu,M306 isccmtrollably ramped down wbmi the expandable 

«iiodiel 205 reaches the eirf fa ^ 

30 niant^, the sudden release of preasureom.^ 

tubular member 210 off of the expaimablenaana^ Ina 
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preferred embodiment, the operating pressure is reduced in m substantially linear 
fashio n from 100% to about 1 Qg> during the end of the gxtrmarm prrwmg h oginnmg 

when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in aider to absorb the shock caua^ 

The shock absorber may comprise, for example, any conventional commercially 
available shock abeorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 
16 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of 

then any uncured portion of the material 305 within the erpmripri tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

Aa illustrated in Fig. 6, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 annular layer 516 ofcured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, as illustrated in Fig. 6, the upper portion 250 
of the tabular member 210 jnemdea one or mora scaling memfaera 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 it pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is eqnaliied during the extrusion process. 

In a preferred Embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membOT 605 axe bot^ or molded onto the cu 

260 of the tubular member 210. The pressure relief boles 610 are preferably 
positioned to the last few feet of the tabular member 210. The pressure relief 
holes reduce the operating presanrea required to expend ti» upper portion 260 of 
the tubular member 210. This reduction fa required oi>eratingi»T8sureinturn 
15 reduces the velodty erf the numdrel 205 upon the conmletion of the extrusion 
process. This reduction in velocity to hm mmi^r^ th» mechanical chock to the 
entire apparatus 200 open the wmipfrHop of the extrusion procem. 

Referring now to Pig. 7, a particularly preferred embodiment of en 
apparatus 700 for forming a casing within a welfoore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular number 715, a float shoe 720, a lower cup seal 726, an uiiper cup seal 730, 
a fluid passage 735, a fhdd passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 
manber746. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 fa preferably adapted to 
controDabfy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of convanti^ 

30 modified in accordance with the teaching* nTth» pr^t di^u^ Tnn preferred 
embodiment, the expandable mandrel 70S comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,343,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

Hie expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further peopled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional eonunercially available materials 
such as, for example, 0 ilfield Country Tubular Goods, stainless steel , titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thi>fcTM»«« than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is PTpanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re f e r red embodiment, the tubular member 715 baa a substa ntially 

annular cross-section. In a particularly p r e f erred embodiment, the tubular 
member 715 has a substantially circular grmnluT cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
mterznediate section 810, and a lower section 815. The upper section 805 of the 

30 tuimlar member 715 preftrabfy to 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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pieferablydefihed by the region begu^^ 

container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of the tubular member 715 is preferably defined by the region 
be ginnin g in the vicinity of the mandrel 705 and ending *t the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment the wall thickness of the upper section 805 of 
the tubular member 716 is greater than the wall thicknesses of the- intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fkriHate the initi a tion of the extrusion process and optimally permit the apparatus 
10 700 to be positioned in locations in the weflbcre having tight clearance*. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, for exw y$ 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of thetrpper section 805 of the tubular member715 range fo)mabout3.5 
15 to 16 inches and 3/8 to U> inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2J> to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall t hkftneffl of the intermediate section 810 of the tubular member 716 range 
20 from about 3.5 to 19 inches and 1/8 to L26 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example,n^mabont2^to Winches ajxd 1/16 
to 1.25 inches, respectively. In a prefer red embodiment, the outer diameter and 
wall t hic kn e ss of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, reapectrterv. In a particularly 
preferred embtxliinent. the wall thickness of the lower section fil ft *r th* tubular 
member 715 is farther increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used* 

Tb* tubular mimber 715 p^ In 
30 a preferred embodiment, the e^ 

perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of tha tutmbrr mmnhw 7 1 ia Hm TtttH tr> m4nirrn>*> thfl pftgftflttftiy /*f>tn»frt™p 

For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tabular 
5 member 715* The shoe 720 includes the fluid passage 740. In a preferred 
emb o diment, the choc 720 further includes an inlet passage 830, and one or n^ 
jet ports 835. In a particularity preferred embodiment, the croas-eecttonal shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
e lement s, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably i ncl u des a body of solid material 840 far increasing the strength ofthe 
shoe 720. In a particularly pre^ 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a p r e f e rred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 716 in the weHbore, optimise the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally fiaciliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may compriae any number of conventional commercially available cup 
seals such aa, for example, TP cups or Selective Injection Packer (SIP) cups 
modified fa **mrA*mnm *unth thm teachings of the p*»— ™+ a wU^ipft In a pr e f erred 
embodiment, the lower cup seal 726 comprises a SIP cop, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by tbe support inember 
760. The upper ctroaeal 730 prevents foreign m 

region of the tubular member 715. The upper cup teal 730 may comprise any 
number of conventional commercially available cud aealg mch ««, far w»mp i« TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teadnngs of the present distJosure. In a preferred embodtoent .tbwnppcrcnpocal 
730 compriaefl a SIP cup anflahle from Hanumrton Energy 8ervfceam Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits flnidic nurtwrisli to bo transported to and 

10 from the interior region of the tubular member 715 below tbe erpin vfatMp m.T^~,i 
705. Thefflu«paa8age735isftaidic^co(imW The fluid 

passage 736 is preferably coupled to ei^poaitiemed w^^8up|KtttlD*mbe^ 
760, the support member 746, the mandrel container 710, and the expandable 
inandrel 705. The fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom of the CTivmrfnhle mandrel 705. The fluid passage 735 
iapreferahtypoeftianedalongaro The fluid passage 

735 is preferably selected to transport materials such as cement, drilling mud or 



and 500 to 9,000 pel in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705 

Ab described shore with reference to Hga. 1^ during placement of the 
apparatus 700 within a new section of a weffixxre, fluidic materials forced up the 
fluid passage 735 can be released into the weflbore abow the tabular member 715. 
In. a preferred embodiment, the apparatus 700 further inchides a pressure release 
26 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fUdkfy coupled to the fhiklpsssags 735. The 
pressure release passage preferably includes a control valve for eontrollably 
opening and closing the fluid passage. In * preferred embodiment, the control 
valve is pressure activated m order to The 
30 pressure release paasage is iweferabtypoaitionedsuU 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey inateriala such as cenie^ 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wsllbore and to Tnfnijmgp surge pressures on the new weDbore section. 

The fluid passage 740 permits flnidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned withni the shoe 720 m 
with the interior region of the tubular member 715 below the expandable mandrel 
705. Hie fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed m the mlet 8^ of the fhu^ passage 740 

10 to thereby block further passage of flnidk materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fiuidicfr isolated from the region exterior to the tubular member 7 15. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with flnidic materials. In a preferred em bo diment , the fluid 
pessaga 740 includes *n inlet passage 830 having a geometry that can roewve a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 Inapfefarred embodiment, the a^ 

seals 845 coupled to and supported by the end portion 820 o f the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Guididy sealed. The seals 845 may comprise any 
number of conventional commercial*/ available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 



present disclosure. In a preferred embodiment, the aeala 845 comprise 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tu^ 
715. 

InapreferTed embodiment, tt^ 

frictional force to support the e xp a n ded tabular member 715 from the existing 

casing. In a preferred embodiment, the frictional force provided 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 

expanded tabular member 715. 

The support member 745 is preferably coopled to the -»p«ttH«ku mandrel 

705 and the overshot connection 755. The support member 745 preferably 

comprises an annular member having sufficient strength to carry the apparatus 
15 700mtoanewaectionofawellboee. Ife 

number of conventional commercially available support members such as, for 

example, steel drO pipe, coi^ 

accordance with the teachings of the present disclosure. In a preferred 
emb o dim e n t , the support member 745 comprises conventional drill ptr*» »v »it«Mp 
20 from various steel mills in the United States. 

In a preferred embodiment, a boo> of lubricant 750 is provided in the 
annular region above the expandable mandrel container 7 10 within Use interior of 
thetubularinember715. fa this manner, the extras*^ 

off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
*™npfej Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiere (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 
30 process. 

The overshot connection 765 is coupled to tb* supporting 
support member 760. Tbeoverahctcoim^ctirm 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 p re f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably c om prises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weDbore. The support member 760 may 
c om prise any number of conventional commercially available support members 
such as, for Tf»mpl* ***** drill ptjw l rnilprf taihmg or other high atrength tubulars 
fai nn**rt m ** ***** t*°ch™e" of thft p^ent diaekisure. In a pr e fe rred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
fiom steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
wi thin the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715, The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocks m odi fie d in accordance with the teachings 

25 ofthe present disclosure. In a preferred embodiment, the ptahil itpt 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
ia minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after p^^^ning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 to order to ensure that no 
foreign material* are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 706 during the eipanaionprocess. 

toapreferredexoJbodhnent, the appaxatm} 700 is operated substantiaUy as 
described above with reference to Kga. 1-7 to foim a new section of easing within 
a wellbore. 

10 Asilhstratedtor^S.tomaltm^ 

end apparatus described herein is used to rejiair an existing weHbcra casing 805 
by forming a tabular Knar 810 inside of the existing wellbare casing 805. In a 
preferred embodiment, an outer aimular lining of cement is not provided in the 
re P aimiaecticnL I* the alternative P^en^embo 

16 inarerials can oe used to expend Uie tubular 

the damaged section of the weDbore easing such as, for example, cement, epoxy, 
dag mix, or drilling mud. In the alternative preferred enfoodiment, sealing 
members 815 are preferably provide at r^^ 

to optimally provio^ a fluidic seal In an alternative preferred embodiment, the 
20 tubular liner 810 fa formed within ahorisontalfr iioaitfoned piprfi™ mi . h 
as thcw used to transport hydiucail>uua or watCT 

in an overiapptog relationship with the iidjacent pipeline section. In this manner, 
underground pipelines can be repaint v^ 
damaged sections. 

25 In another alternative preferred mriodimmrt, the niethcd and appsntfns 
described hereto is uaedtodirectlyli^ Ina 
pi efcired embodiment, an outor nniir lar lining of cement is not provided between 
thetalmlarlmerBlOandtbeweUbore. to the alternative preferred embodiz^ 
any nunibCT of fluidk material ea^ 

JO totton^ contact wito the vreuhore such as, Ito 
or drilling mu<L 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weQbore casing includes an expandable tubular 
member 902, a BTipport member 904, m 

908. In a preferre d embodiment, the design and construction of the mandrel 906 
5 fnyi cVtnA onfi pgrmitK wmy removal of those elements by drilling them out. In this 
manner, the assembly 900 can be easSy removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900> the tubular mem 

906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular crosa-aection . 

In a particularly preferred embodiment, an eipar> Anhto tabular member 915 
b coupled to the upper portion 910 of the expandable tubular member 902. During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the interwr region 966 of that 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 
20 The tubular member 916 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubuiars, k>w alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 In a particularly preferred emboriimmt, the tubular 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
ftppro ^ mat^y thf> name yield properties as the tubular member 902* The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 
30 915 includes one or more sealing members for c^tdmally providing a fluidicand/or 
gaseous seal with an section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular members 
902 and915 are limited ton^^ For typical tubular 

member mutprinl g , the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is prefei^ly coimled to 

the shoe 908 by a threaded connection 968. The inimnedkte portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such am, for example, oilfield 
tubular*, low alloy steels, titanhmiorftainleaseteda In a preferred embodiment; 
the tubular member 902 ii fabricated from oilfield tubulars in order to optimally 
provide apprarimatefr the wttw mechanical properties as the tubular mamW 915 
In a particularly preferred embodiment, the tubular member 902 has aplasticyieid 
15 point ranging from about 40,000 to 135,000 pai in order to optimally piwide 
approximately the aame yield properties aa the tubular member 915. 

•Hie wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular nnanber 9^ 

inches. In a preferred embodiment, th* w»n thickness of the upper, intermediate, 

20 and lower portkms, 910, 912 and 914 of tte 

1/8 to 1.25 m order to optmial^ provide w»71 tMAwf« tK^j flr? the game m 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portkm 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diameter of theupper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 002 may range, for example, from about 1 .05 to 48 
inches. Inepreferririenibodh^ 

and lower portions, 910, 912 end 914 ofthe tubular member 902 ran^ 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oflfieid tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise airy number of conventional 

5 Prtmittwy jyny jn mflfth fr ftlfr" 1<>r TnpmhpntTnnHffiffd m ftgfcnfanre with thfe ta>»rhiT*gn 

of the present disclosure. In a preferred embodiment, the tubular member 902 
rnrnprira Oilfield Country Tubular Goods available from various US. steel mills 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teaching! of the 

10 present diacloeure. In a pref erred embodiment, the tubular m rmbrr 915 oompriaea 
Oilfield Country Tabular Goods available from various UA steel nulla. 

The various elements of the tabular member 902 may be coupled using any 
number of conventional process audi as, for example, threaded connections, 
w elding or machined from one piece. In a preferred pinhrxtiTnpnt, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 dement s of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innarstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the app 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such aa, for ermnpta, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strengths 

The iimeratring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstarog adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The finkl passage 916 is prefer*^ 
to and from the apparatus 900. In a preferred embodiment 
is fhiidicry coupled to the fluid passage 952. Inaprefei^cnibodiiiient, the fluid 
10 passage 918 is used to hardenaMe fH**r r^Mngmntrrralflto and from the 
apparatu»900. In a perticnlarry preferred em 

include one or more pressure reHef passages (not illustrated) to release fluid 
pressure during position^ In a preferred 

embodiment, the fluid passage 918 is positioned along a VwipfaidiTi^ centerii na of 
15 the apparatus 900. In a pre fe rred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenaMe fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the mipport member 
904. The upper guide 920 iirefer^ 
20 withtoaetubulttmainb^ 

of conventional guide members modified in with the »^*^tir ngg of the 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
ixmerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to opthnalry guide the apparatus 900 within the tubular member 915. 
25 Tte coupling 922 conples to The 
coupling 822 preferably cmnp riseB acottfentiimal thradad connectien 

The various elements of the support member 9M may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connection* 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expanmoneone 928, a lower cone retainer 930, abod^ of cem 



934, an extension sleeve 936, a spacer 938, a housing 940, a scaling sleeve 942, mn 
upper coda retainer 944, a lubricator mandrel 946, a hibricata 
950, and a fluid passage 952. 

The retainer 924 is coupled to the hibiicatorniandrel 946, fabricator iWb 
5 948 , and the rubber cup 926 . The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-flection. The re tainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 ia coupled to the retainer 924, the lubricator mandrel 
946, and tbe hibncator aleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the fa 

rubber cup 926. The rubber cup 926 may comprise any number of conve nt i onal 
commercially available rubber cup* such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, tbe rubber cup 926 
comprises a SIP cup available trxxm Halliburton Energy Services in DaBaa, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interlace between the exterior surface of the mandrel 902 and the interior 
surface of tbe tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricanta, oil baaed lubricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to Caciliate tbe extrusion process. 

TH*#rrpftr.»rimi (Ymft 928 ia coupled to the lower cone retainer 930, the body 
tfcainemt 932, tbe lower gu^ 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatua 900 f the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 



-30- 



and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper rone 
retainer 944. 

The expansion cone 928 preferably baaasuhstantklfyaniralaraoflBsect^ 
5 The outside diameter of the expaniicm cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches In a preferred embodiment, the wall 
t hickness of the expariaion cone 928 rangea from about 035 to 0.75 inches in order 
to optimalhr provide adequate compregsfrwa mtrmgth with wm^fl] material. The 
10 maximum and minimum outside diameters of the +rj**rtfim cone 928 may range, 
for example, from about 1 to 47 inches. 

and minimum outside diametera of the expansion cone 928 range from about 3.5 
to 19 in order to optimally provide expansion of generally available oilfield tnh nlffn j 
The expansion cone 928 may be fabricated from any number of conventional 

15 commercia^y available materials such as, for example, ceramic tool steel, titanium 
or low alloy steeL In a preferred embodim rmt, the expansion cone 928 is fabricated 
from tool steel in order to optimalry provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expanskm cone 928 may range, for 
example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhfldmtmt &m expansion °?p w heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 830 ia coupled to the expansion cone 928 and the 

houaing940. In a preferred embodiment, axial movement of*H« f^p*™*^ 
928 ia prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross section. 

The lower cone retainer 930 may be fabricated from easy number of 

30 conventional cnmmewaalfr available *n*t» ri«i T gnch **, faFAmppif ceramic, **** 
steel, titanium or low alloy steel In a preferred embodiment, the lower cane 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surfaceofthe 
lower cane retainer 930 may range, lor example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 Rockwell C to 62 Rockwell C 

5 in order to optimally provife high yield strength. In a preferred embodiment, the 
lower cone retainer 930 ia heat treated to optimally provide a hard outer surface 
and a regflient interior body in order to optimally provide abrasion resistance and 
fracture toughness 

Inaprcfeprf mbodimm^ 

10 cone 928 are formed aa in mtegra^ 

of components and increase the overall strength of the apparatus. Tha outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing stjiicture for the mandrel 906. 
The body of cement 932 further may be easitydrmedoutuaingaconTOnticmalc^ 
device. In this manner, the mandrel 906 may he easily removed using a 
conventional drilling device. 

Ite body of cement 932 may comprise any number of conventional 

20 commercially available cement coinpounda. Alternatively, a luminum, cast iron or 
some other drillftbto nn*tnllK mrnpngHe, or aggregate material may be substituted 
for cement The body of cement 932 preferabry has a substantiaRyarmularcrosfir 
section. 

The lower guide 934 ia coupled to the extension sleeve 936 and housing 940. 
25 During c^eratim of the apperattia 900, the low guide 934 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferabry baa a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
r^Tn^rrtf.lly ftvafljihle materials such as, for exanrple, oflfieM tubularg, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably bag a substantially annular croaa-BectiaiL 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for *™np]^ oilfield 
tabular*, low alloy steel or stainless steel In a preferred embodiment, the 
10 extens ion sleeve 936 is fabricated 

high yield strength. The eoter surlaceof the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of th» ftppnratnn 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 IWerably, the spacer 938 has a substantially annular erces-oection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment,^ in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
26 with the end ofthe extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are f(^edflHmiirt^lnT^^H^^ f ^^ rr 
to reduce the somber of components and incr^ 

The housing 940 is coupled to the lower guide 93%, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation ofthe apparatus 

motion ofthe exp ansi on r on e 928. Preferably, the housmg 940 n^ 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tobulara, low alloy 
steel ox stainless steeL In a preferred einbcdiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred enAodiinent, the lower guide 934, extension sleeve 

are formed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadHate the connection between the 

10 housing 940 and the bo4yof cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 936, and the upper cone retainer 944. During operation of 
the apparatus, the sealing aleeve 942 preferably provides support for the mandrel 
906. Thft sealing preferably coupled to the support member 904 using 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cruuu ii et Lion. 

The sealing sleeve 942 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, a hiramnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing aleeve 842. 

In a particularly pre fer re d embodiment, the outer surface of the sealing 
sleeve 942 indudea one or more protru^ 
sealing aleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are mtegraUy formed as a one-piece element in order to niininiiie the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. Durmg operation of the apparatus 
900, the upper cone retamer 944 preferab^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially aiinular 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast inm. In a prefer red embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide driUabOity of the upper 
5 cone retainer 944. 

In a particular rj prefer^ 
CToas^ectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-thaped to provide increased rigidity and minimige the 
10 smount of material that wou^ 

Tie lubricator mandrel 046 is coupled to tl* retainer 924, tte 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 mterface between them Preferably , the 
lubricator mandrel 946 has a substantially «™™j» T cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercialry available materials such as, for example, steel, 
a hrmhmm or cast iron. In a preferred «m»*wiwm»nt the fabricator mandrel 916 ic 
20 fabri cat ed from ahaninmn in order to optimally provide driUability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cxme retainer 9^ 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lnbricator 
sleeve 948 has a snhfltantialry annular croa»sectian. 

The lubricator sleeve 948 may be &K™~t^ from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred «™>™**"w »nt r thft fabricator olocrc 918 in 
30 fabricated from ahnnmnm in order to optimally provide driDability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the fabricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948m turn supports the rubber cop 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a p refer red cn^bodiment, seals 949a and 949b are provided between the hibricator 
5 mandrel 946 r lubricator sleeve 948, and rubber cup 926 in order to optimalry seal 
off the interior region 972 of the tubular member 902, 

The guide 950 is coupled to the lubricator mandrel 946 , the retainer 924, 
and the rubricator sleeve 948. During operation of the apparatus 900, the guide 
960 preferably guides the a|maratus on the support meim^ 904. Preferably, the 
10 guide 950 has a substantially annular cross-eectkm. 

The guide 960 may be fabricated from any somber of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fraidic 
materials In a preferred embodiment, the Quid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fhridic materials at pressures 
20 and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gaUonsAnin in order 
to optimally provide pressures and flowratea to displa ce an d d 
the installation of the apparatus 900. 

The various elements of the mandrel 9G1> nun/ be coupto 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 
30 The housing 954 uncoupled to the bo^ 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the witnmkm and positioning of the tabular memb er 902. 
Preferably, the homing 954 has a substantially annular cross-Bectkm, 

The housing 964 may be fabricated from any number of conventional 
commercially available material* men fn* c^mpi* m »i lltw fa llwn j na 
5 preferred embodiment , the housing 954 jg fabricated fiom aluminum in order to 
optimally provide d rillabflfly of the homing 854, 

In a particularly preferred embcxlhnent, the interior su^ 
954 includes one or inoreprotru^iana to 
of cement 966 and the housing 954. 
10 T!hebocfrtfceincnt856is 

958. In a preferred embodiment, the c omi > owiti on of the body of cement 956 is 
selected to permit the bocfr of cement to be easily drilled out using conventional 
drilling machinea rr^rnnFO 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfll a ble 
material such as, for exampl e, aluminum or iron may be substituted for the body 
of cement 956. 

The waling aleeve 958 is coupled to the body of cement 956, the extension 
tube 960, thefluid passage 962, and one or more outfct jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenahfafluHic material from the fhntt passage 853 into the fluid passage 962 
and then into the outlet jets 964 in order to fa^th»h*r^mable 

Guidic material 

into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 9 58 further 
25 iiichitoanfaletgeomet^ 

tod^intlieinletoftheaea In this manner, the fluid passage 962 

niay be blocked thereby fh^^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
80 anniilarcroaMectian. The sealing sleeve 958 

of conventional commercially available materials such as, for example, steel, 
ahminnm or cast iron. In a preferred ^k^™^* *iu» Beating ogfl jg 
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fabricated from arominum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 858. the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a bardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the bardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby flm^ndy isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-eection. The extension tube960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred embodiment* the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sleeve 958, the e xt ens io n 

tube 960, andoneormare outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic matmalB In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid paasage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaUons/min in order to op timally 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are cmi^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 r^erabry convey hardenable fluidic material fama the fluid passage 962 
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J 

to the regixm exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jeta 964. 
Intpreferrcd frmh o rii TT ^ 

the housing 954 and the body of cement 966 in order to dinplify the constroction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any munber of 
conventional process each as, for example, threaded ~™n~-«^~ T cement or 
machined from one piece of materiaL In a preferred embodiment, the various 
elements of the shoe 908 are coupled «*mg cement, 
10 laaptefan^ mhodh^ 
described above with ^ 
weHboreortorepedrawein^ 

In particolstr, in ordCT to extei^ 
a drill staring is used in a well known maimer to driU out material ftoxo the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then posi^^ In a particularly 

preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a haroVnah^ fluidic sealing hardenable fiuidic sealing 
20 material is then pumped frxm The 
hardenable flukiksealt^ 

interior region 966 of the tabular member 902 below the mandrei 906. The 
bardeoable ihiidic eealm 

the Quid passage 962. The hardenable fiuidic sealing material than exits the 
25 apparatos 900 via tfie outl* 
exterior of the tutoito 

wellbore. Continued pumjungrftheleardBnable flrt»'HiV sealingmatcrial cauaea the 
material to fill up at least a portion of thearjnnJar regioix. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates raiigto& 

S.OOOpsiandOtol^gallon^ In a preferred embodiment, the 

harienabbfhute 
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and flow rates that are designed for the specific weilbore section in order to 
optimise the fli ^»if>rAiMpTifr of the hardenable fluidic sealing material white not 
creating high enough riroilatmg pressures such that circulation might be lost and 
that could cause the weilbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercial^ available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so aa to minimae 
operational rfiffimlHofl during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The ATmnlnr region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the nnmilflr region of the new section of the weilbore will be 
filled with hardenable material. 

20 Once the nnnu tor region hag been adequately filled with hardenable ftuidic 

sealing mat**-** 1 , a plug cr dart 9741, or other similar device, preferably is 
introduced into the fluid passage &62 thereby fhiidiciy isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 96 2 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurised, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised out of the expanded portion* of the tubular members 902 and 915 using 
the support member 904. Duringtlfoertrarinn process, the Bhoe 908 is preferably 
substantially stationary 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluidpaBBagB918atasur^lo<atioain 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for prnggmg a flnirf pa^g ? such as, 
for eranple, Multiple Stage Cementer (MS© latdh-down ping. Omega latch-down 
10 plug or three- wiper lato 

the present disclosure. In a preferred mnbodTTncut, the p 
a MSG latch-down plug available from Halhhurton Energy Servkea in Dallas, TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 968 at 
15 pressures and flow rates ranging from apprasmat^y 600 to 9,000 psi and 40 to 
3,000 ganons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 91S off of the expandable mandrel wffl begin when the pressure 
20 of the interior region 966 reaches approximate In a preferred 

embodiment, the extrusion of the tubular members 90^ and 9 15 oflof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1260 gaUona^nunute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 exp an ded portions of the tubular members 902 and 9X5 at rates ranging, for 
example, from about 0 to 5 ft/sec. In n preferred *mK/vKnwmt «fr irmgthe CT±rurion 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 
90 permit full expansion of the fcibular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters durfag operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of tte upper er^ 

915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping Joints The c ont ac t pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overfrppingjoint between the 
upper end of the tubular member 915 and the exutmg section of wellbore casing 
ranges from approximately 400 to 10,000 pai in order to optimally provide contact 
pressure to activate the sealmg members and provide c>ptirnal 
10 the ttibuJar member 915 a^ 

wira p i' wssi vw load& 

In a pre f erred embodiment, the operatingFressureaiid flow rata of the non 
hardenable fhndic material will be controUably ramped down when the mandrel 
906 reaches tha upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodim 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhridic 
material are controlled during all phases of the operation of the apparatus 900 to 

25 Attentively, or in computation, a shock absorber is provid^m the support 

member 904 in order to absorb the shock caused by the sudd^ release of prefleure. 

Alternatively, or in combination, a mandrel catching stmi^nre is provided 
above the support member 904 m order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion p r o cess is completed, the mandrel 906 is removed from 

the wellborn In a preferred embodiment* either beft 

mandrel 90S, the integrity of the fluidk seal of the overlappmgjoint betweeai the 
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upper portion of the tubular member 915 and the lower portion of the e xi stin g 
casingis tested using conventk>nal methods. If the fluidic seal of the overlapping 
joint betwt^ the upper portra 

of the existing casing is satisfac tory,; then the uncured portion of any of the 
5 hardenable flnidic aealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Ttw haidanahle ^u^g m fl tftrie1 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbare is then allowed to cure. 

Preferab^ any remaining fluidic aealing material within 

10 the interior of the expanded tob^ 

convent ion a l manner using a conventional drill string. The resulting new section 
tfcasmgpirferabfri^^ 

outer annular layer of cored hardenable flnidic aealing material. Tha bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 fimm the interior ofthewellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the appa^ 

20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated 

aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 aectionaofths mandrel 906 and an^ 
cement 932, the ap«w 938, the seeing 
*to fabricator mandrel 94fr the 

954, the body of cement 956, the sealing sleeve 958, and t^ 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods airi In this manner, in the event of a 

malfunction downhole, the apparatus 900 may be easuy removed from the 
weDbore. 



Referring now to Figs. 10a, 10b, 10c, 106% lOe, lOf; and lOg a method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferabtyiricta 

annuhxs 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annnhis 1014, In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-ll£ 

10 In a particularly preferred embodiment, an upper portion of the tabular 
liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tabular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Rg. 10b, in order to create a tis4>ackmra that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expendable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in arroTdi"^ with tfrA toft diirgp nf th« pyeamt diagloaire. In a preferred 
emb odiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the t e a c hing s of the 
present disclosure. 

30 The tubular member 11 10 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a pr efer red embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 

The inner and cuter diameters of the tubular member 1110 may range, for 
5 example, firm? approximately 0.75 to 47 inches and 1.05 to 48 incb^ 
In a preferred embod impn f B the inn** and ***tmr diametera nfth* tubular yy^mN^r 
1110 range from about 3 to 15.5 inches and 3.6 to 16 Izm^ reapectivety in order 
to optzmaljyprovide coverage for typical oilfield casmgskea. The tubular member 
1110 preferably comprises a solid member. 
10 InaprefenedcmboJimen^ 

U10 is akrtted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
min imise the possibility of budding. For typical tubular member 1110 materials, 
15 the length of the tubular member 1 1 10 is preferably limited to between about 40 
to 20,000 feet in length. 

Tbe shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe U161ncludes the fluid passage 1186. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seainiloatehoe,S 

with a sealing sleeve for a latch down plug modiffed in accordance with the 
teachings of the present disclosure. In a p re fer re d embodiment, the shoe 1115 
comprises an a htmimim down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified m acwrdax^ 

preeent disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optmiaDy fluidity 
isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 indndea one or more side outlet 
ports 1140 influidk communication with the fluid passage 1135. In this manner, 
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the shoe 1115 injects bardenablefluHkgealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a plug, dart n n ri/or ball sealing H mrtftnts into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional ccraunerrialjy available cup seals 
aach as, for example, TP cupe or Sotoctra 

accordance with the t^f^g* of the present disclosure. In a prefer re d 
embodiment, the cup seal 1120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fiuidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a positkm adjacent to the em-face to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centertxne of the apparatus 1100. The fluid passage 1180 is preferably selected 
to transport materials such as cement, drilling mud or epoxiea at flow rates and 
pressures ranging from abort 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 prmfrt w * tT<mgmW*ri frnw fluid 

passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fiuidic material* to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
section ft 1 shape that permits & p lug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of ftuidk materials. In this 
manner, the interior region of the tabular member 1U0 below the expandable 
5 mandrel 1105 can be ftuidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular m 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drfflingrmid 

about 0 to 3,000 galkmaftninnte and 0 to 9,000 pei in order to optimally fill the 
armnlar region between the tubular m 

fluidic materials. In a preferred embodiment, the fruid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the Quid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubule 
to be fhndiery isolated from the exteriorof the tulmlax member 1110. 

The seals 1145 are coupled to and supported by a fewer end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between the upper end portion of the Ming 10 12 and the lower 
end portion of the tabular member 1110 to be fluididy sealed. 

The seals 1145 may comprise any number of conventional commercially 
available aeala such aa» for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. la a preferred 

30 embodiment, the seals U45 comprise sealamolded from Bfaratalock epoxy available 
from Halliburton Enargy Services in Dallas, TX in order to optimally provide a 
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hydiaudteseaiintheovexlappn^ 

to withfffc" 1 ** r*mg»nf typical compressive Vmdn 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient frictionalforce to support the rrpimdrd tubular member 1 110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tubular member 1110. 

llxe support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into ths weDboro 1000. In a preferred etnbodKment, the support 
member 1150 further includes one or more conventional centraHxers (not 
flhistreted) to help stabilise the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1 150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. Ib th™ manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
far example, Lubriplate, chlorine baaed lubricant* or Climax 1500 Antiaeize (3100). 

20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiaeize 
(3100) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion proc es s. 

In a prefe rr ed embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 isminimixed 
This iTwinlmiMt* the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for ihiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment* a high gel strength pill may be set 
below tr^tie-bai±inplaceoftl»pai±er 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning f ppanitng 1100 
within the weHbore 1100, a couple of weQboxe volumes are circulated in order to 
10 ensure thai no foreign materials are 

clog up the various flow passages azri valves of the apparatus 1100 a^ 

that no foreign material interferes with the operation of the expansion mandrel 

1105. 

As illustrated in Fig. 10c, a hfrrriprmhl* flnirtir -m1m g ™ ^te^ ngQifl then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1 1 10 below the expandable mandrel 1105, The material 1100 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140 
The material 1160 then exits the apparatus 1100 and fills the annular region 
20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1 180 causes the materi al 
1160 to fill up at least a portion of the awmfay region. 

Hie material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
25 galloiia/min, respectively. In aprefenred embodiments 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces Using filled, the romping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional em piri cal methods, 
30 The hardened finite 

conventional cornmercially available hnAmihla flnidi* ~-Kr, g m«tj»ri»i« M 
for example, slag mix, cement or epoxy. In a preferred emrjodiment, the 



hardenable fluidic sealing material 1160 comprises blended c eme nts specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 111ft wW 1 * m»rnfrqfni^g optimum ft™* characteristics *n*R*r> mh\\mw. 
5 operational difficulties during the displacement of cement in the annnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
10 annular region will be filled with material 1160. 

Aa illustrated in Fig. I'M, ™~ fK *> mymnUi-i+tfrn h*m ham adaqnately filled 
with material 1160, one or more plugs 1166, or other similar device*, preferably 
are hitroduced into the Quid pa 

region of the tubular member 1110 from the annular region external to the tubular 
15 member 1110. In a preferred embodiment, anon hardened 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 166, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the non h ar dcnn M * floidk 
20 material In this manner, the amount of hardenable Quidic material within the 
interior of the tabular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner The progs 1 165 may comprise any number of conventional 
commercially a vaflahle devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls^ or darts modified maccordarice with 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 hiving a common central 
inlet passage, the plugs 1165 comprise a angle latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenahle fhndk material 11 61 ia preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gaUonsftnin. 
In a preferred embodiment, afterplamnentofthephigB 1165 in the fhiid passages 
1140, the non hardenahle fiuidic material 1161 ia preferably pumped into the 
10 interior region of the tabular me^^mObdow the nundrd 1105 at pressures 
and flow rates ranging from epproximatefr 1200 to 8500 psi and 40 to 1250 
gallonaftnin in order to optimally provide flf fr pte a l t«ihnb» 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member m 

example, approximate^ 1200 to 8500 pel In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandre l 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1 105 reaches approximately 1200 to 8500 psL 
20 During the extrusion proceaa, the expandab to 

out of the e x pa n d ed portion of the tubular member 1110 at rates ranging, for 
example, from aboutO to 5 ft/sec Inapre&rnad embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised cmt of the expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit acfristment of operatkmal parameter and optimally ensure that 
the extrusion process will be completed befta* the materi 

Inapitrferredernho^ 
1110 has an internal diameter less than the outaidediaineteroftheinandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of tlie tttbiilar 
80 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wefflxm casing 1012. Inaparttarfarfr preferred embodiment, the seal 
is effected by compressing the seals 10 16 between the expanded section 11B0 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
r»«mg 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 erasure that the joiritwiU 
loads. 

In an alternative prefe rred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide optpn al ttmiAw* that the joint wfll withstand typical extremes 

of tensile and c omp ressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110- In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1106 can be minimised In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

AltcrnntrTrly, trr m cranM™***™ , ■ ***** «fmmrh«r In provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in comb i na tion , a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1 1 1 0 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. 10f r once the extrusion process is mmpUt^ the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expendable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member 1UQ is then removed in a cormmtional manner. The 
10 material 1160 within the annular region between the tubular n^ 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. 101, preferably any remaining cured material 1160 
within the interim- of the expan d e d tubular member 1110 is then removed in a 
conventi onal man n er raring a conventional drill string. The resulting tie-back liner 
15 ofcasixig 1170 includes t^ 

layer 1175 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods 
20 In a particularly preferred ernbodiment, the apparatus 1100 ir^ 

the apparatus 900. 

Referring now to Figs. lla-llf, an embodiment of an apparatus and method 
for hangups tubular liner 

As illustrated in Fig. 11a, a weUbote 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200inclndeean -ri^gr*^ m-timi mo having 

a tubular casing 1 216 and an amwUy outer layer of cement 1220. 

In order to extend the wellbore 1200 iniD^Bulitemmearifoiinatbml205 p 

a drill string 1226 is used in a well known numnrr to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated m Fig. lib, a^ 

in a subterranean formation is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1300 prefigahfr inchidee an expandab le mandrel or 
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pdg 1305, a tubular member 1310, & shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 Is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
n umb er of con v entional ^Tn-mjiwinny av ailab le e xpa nd ab le mandrels mod ified to 
accordance with the teachings of the present disclosure. In a preferred 

mttWiTftft^ the *»»p*nHtth1p TwmHwJ 1 306 ermprimm a hydrttUlk Mp*^ 

10 substantial}? as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the tcfic hrngg of the 
present disclosure. 

The tubular member 1 310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tnbnlar member 
131 0 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
racing TVi a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tabular memb« 1310 majrarige, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a prefe rre d embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectiYeSy in order 
to optanalfrnrovide minimal teleicopangeffect in the most commonly encountered 
wellbore sixes, 

25 In a preferred embodiment, the tubular member 1310 includes sn upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the waUfo^ 

1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 to 
16 inches, respectively. In a preferred embodiment, the waU thickness and outer 
30 diameter of the intermediate portion 1360 ofthe tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from abort 3/8 to li> inches axu!3i> to 16 iriches, 
respectively. 

In a particularly preferred embodiment, the wall Wc fr nm of the 
intermediate section I860 of the tabular member 1810 is has than or equal to the 
5 wall thickness of the upper and lower sections, 1855 and 1365 t of the tubular 
member 1 ai o in nrrUr tn npHmoTTy fmn^i^M fk» fwiH^yn ftfthf qtnifflon process 
and optimally pomit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a aoMd member. In a 
10 preferred embodiment, the upper end portion 1865 of the tabular member 1310 
ia slotted, perforated, or otherwise modified to catch or alow down the mandrel 
1805 when it completes the extrusion of tubular member 1310. In a pro f a n ed 
embodiment, the length of the tubular member 1810 ia limited to wnin^t^ the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferabry limited to between about 40 to 20,000 f^ 
in length. 

The shoe 1315 ia coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal H float shoe, Super 8eal H DownOet float shoe or guide ihoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teai^^ 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe withes 

from Halliburton Energy with the 

25 tairiiin g s of thepreae nt di s c lo s u re, in ordertooptimally guide the tubular mem^ 

1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 

member 1810, and optimally permit the complete drill out of the shoe 1815 upon 

the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 fortherinetudesoneor more side 
30 outlet ports in fluidic romminrication with the fluid passage 1330. In this manner, 

the shoe 1315 preferably mj^ 

outside the shoe 1315 and tubular member 1310, In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluldic materials to be transported to and 

from the interior region of the tubular member 1310 below the expendable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable maiidrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably portioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mu^weparies at flo^ 
pressares ranging from about 0 to 3,000 gallonafainnteand 0 to 9,000 pat in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates, 

The fluid passage 1330 permits fluidic mnterinto to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a pl^^ 

passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from tie region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 tobepressnrked. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallcM/mimxte and 0 to 9,000 psi in order to optimally All the annular 
regirabetween the tubular memto 

1200 with fluidic materials. In a preferred einbcdiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a hall sealing member. 
In this manner, the fluid passage 1330 em be sealed off lyintroduring a phjg, dart 
and/or ball pealing demen ts into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1316 in fluidic 
comm unication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerune of the apparatus 1300. Hie fluid 
passage 1335 fa preferably selected to convey materials such as cement, drilling 

10 mud or epoxide at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1365 

15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the crreriappingjaint between the lower end portion of the casing 1216 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, lead, rubber, Teflon, or epoxy saels modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TXm order to 

annnhia of the overlappCTg jrmit whil* niai* *nr^ff tignptirifll innd bearing capability 
25 to withstand typical tensile and compressive loads, 

In a preferred emb odiment , tha 1 340 m s^V^r^d to optimally provide 
a sufficient fhctionalfOT tubntertnember 1310 from the 

existing casing 1215. In a preferred irniKi^m^ thtr ftictfcmal furvr provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1810. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferahly comprises on annular m ember having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weDbore 1200. In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centralizes* (not ilhistrated) to help stabilize the tubular member 13 10. 

5 In a preferred eniboctfinent,th^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t enchfri g a of the 
present disclosure. In a preferred embodiment, the wiper plug 1 360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for reieaaable 

20 attachment +rpm&m mandrel 130S. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig, lie, a hardenable flu idle sealmgmaterial 1380 is then 
pumped from a surface location into the fluid passage 1320 . The material 1380 
then passes from the fluid passage 1320, through the ftotM passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the mterior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tubular member 131^ 

1200. Continued pumping of the material 1880 causes the material 1380 to fill cp 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging; for example, from about 0 to 5000 psi and 0 to 
1^00 gallons/mm, respective^. In a preferred embodiment, the material 1380 is 
pumped into the fmnular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallonsfain, l es pec li v efr, in order to optimally 
10 fill theannularregion between the tubular member 1310 snd the new section 1^ 
of the weUbore 1200 with the hardenablfi fluidic sealing matrrinl 1380. 

The haidenable fluidic seaungniaterial 1^80 may comprise any number of 
oonventiflnal commercially available hardenablc fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefer red embodiment, the 
15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section bang drilled and available from Halliburton Energy 
Services in order to optimally provide support for the tabular member 1310 during 
displacement of the material 1380 in the annular region 1Qon The optimum blend 
of the cwnrnt is preferably determined using conventional empirical methods » 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial ex pansion of the tubular membtt 
1310, the aiurular region 1390 of the new section 1230 of the weiibo^ 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other sinulaT device, to introduced 
into the fluid passage 1320. The wiper dart 1395 topreferab^puinpedthroudithe 
fluid passage 1320hyapmtliiml^iihUf)^^ The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1350 aaises tie v^phig 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 
wm lodge in the fhaid passage 1830, thereby 
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passage 1330, and ftuidkry isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion proc^ 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional manner. Hie wiper dart 1395 may comprise any number of 
conventional cominerdalty^ 

for example, Multiple Stage Cementer latch-down plugs. Ome ga latc h- down phifea 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. La a preferred embodiment^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
fi^n H«11i>m rt/m Energy Servicea in Dallas. TX_ 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1895, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pel and 0 to 1,500 gaflons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised 

In a preferred embodiment, after blocking 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximately 600 to 9 ,000 psi and 
40 to 3,000 galtons/min in order to optimally provide operating pressures to 

30 "fj"**"" the expansion process at rates sufficient to permit adjustments to be 
made in operating parame ters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9 r 000 psi In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of hibricant^ 
the co mp os it ion of the shoe and tubular member, and the yield strength of the 
tabular member, Hieoptinmm flow rate and operating pressures are preferably 
determined nsmg conventional « m pM *«j met h ods , 
10 During the extrusion process, the expandable mamfrcl 1305 may be raised 
out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a pr e f eired embodiment, during the catrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rstes ranging from about 0 to 2 ft/sec fin order to 
16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 ofthe tubular member 1310 is extruded 
off of the expandable mandrel 1S05, the outer surface of the upper end portion 
20 1355 oftto tubular mimiber 1310 

lower end portion ofthe casing 1216 to fimn an fhiidti^ overlapping jo^ The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure mffidsnt to ananra annular »«»ttwff »H provide 
enough resistance to withstand typical tsnaile and compressive loads. In a 
particularly preferred emhorifrnrnt, the seeling members 1340 will ensure an 
adequate fhiidic and gasoous seal in the overlapping joint 
In a preferred embodiment, the operating 
30 hardenable fhiiriic m ater ial 1381 is ocmtrollahry ramped down when the expandable 
mandrel 1305 reaches the upper e^ 

In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimi red. 
In a preferred emb o diment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Attftrantivftly, at in combination, « whnrkahsinriieTiapiTivide^ 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a. mandrel catching structure is provided 
10 m the upper end portion 1355 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment 
the removal of the expendable mandrel 1305, the integrity of the fluidk seal of the 
15 overlarmirigjoint between the u|ro^ 1355 cf the tubular member 1310 and 

the lower portion of the casing 12 15 is tested using ccmventkraal methods. If the 
fluidk seal of the trverlapping joint between the upper portion 1355 of the tabular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed in a conventioiial manner. The ma 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 1315 using 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that m rmrtffli mstsllmg a tubular liner and a mandrel 
in the borehole. A body of lluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



-62- 



The injecting preferably im^^ 

into an annular region located between the borehole end the exterior of the 
tubular liner, and a mm hardenable fhrirtir material into an interior region of the 
tubular liner below the mandreL Hie method preferably includes fluididy 
5 is olat i n g the annular region from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardeoahle fluidic sealing material is preferably provided at 
operating pressures and flow rates ranging frtm about 0 to 6000 psi and 0 to 1^00 
gaDona/rain. The injecting of the non hardanable fluidic material is preferably 

10 provided at operating pressur e s and flow rates ranging fitgni0>oatS00 to 9(K)0^ 
and 40 to 3,000 galkmVmfn The injecting of the no© hardanable fhridk material 
is preferably provided at reduced operatiugpxassuresaadfto 
portion of the extruding. Hie non hardenable fluidic material is preferably 
iiyected below the mandreL The method pjwferabfy^ 

15 crfthe tubular Knar beW the mandreL The region of the tubular liner below the 
mandrel is preferably pressurized to pressures ranging from abcRit 500 to9,000pai. 
The method preferably include* fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
includes curing the hardenable sealing material, aixiremo 

20 of the cured gRflliTigmnteTial located within the tubular Imcr. The method farther 
preferably includes overlapping the ttdmlar liner 

The method farther preferably incfadss sealing the overlap between the tabular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner tiaing the overlap with the 
25 casing. The method farther preferaMy^ 

the overlap between the tubular liner and the existing wellbore casing. The 
methcrf farther preferabfri 

fhiidicsealingmaterial within the tubular liner before curing. The method farther 
preferably includes l nh ri rs t in g the surface of the mandreL The method farther 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion of the extruding. 



An apparatus for creating a ^^"g in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandreL The shoe is coupled to the tubular 
liner andincludes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably mrhirie* one or more sealing members 
adapted to prevent foreign material from entering an mteriorw^km of the tubu^ 
member. The mandrel is preferably expandable. The tabular memb er is 
preferably fabricated from materials selected finom the gro^ 
Country Tubular Goods, 13 chromium steel tuMngfeasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from a The tubular 

member preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catchin g member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable, 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes pos H i ni ring a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 seccrid tubular member off of the mandrel into 

member. The pressurising of the portion of the interior region of the second 
tubular member is preferably provided at operating premures ranging from about 



600 to 9,000 psL Hie pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. U» method further preferabty includes 
sealing the overlap between The method 

5 further preferabryi 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel The method further preferably 
includes absorbing wHnA 

A liner far use in creating a new section of weJIbore casing hi a subterranean 
10 formation adjacent to an already existing section of weBbore casing has been 
described that inc lud e* an anr^ 

more sealing members at an end portion of the P"rm)ar member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weUbore casing has been described that includes a tubular liner and an 

16 annular body of a cured fluidic sealing maleriaL The tabular lmer is formed 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weDbore, and pressurizing an interior portion of the tubular Knar The 
annular body of the cured fluidic sealing material is preferably formed by the 

20 process of meeting a bo annular 
region external of the tubular Hner, Durmg the pxe«mxizirig; the interior portion 
of the tubular liner is preferably fioidkry isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ra nging from about 500 to 9.000 psL The tubular liner preferably 
25 overlaps with an existing wdlbere casing. The wenbore casing preferably further 
includes a Bealrxwi^ 

weUbore casing. Tubular liner is preferably supported the overiap with the 
existing weUbore casing. 

A method of repairing an existing section of a weDbore casing within a 
SO borehole has been described thatModsarnstallings *™Vnlnr liner nnd n mandrel 
within tkewellbc^casn^ 

pressurizing a portion of an interior region of the tubular liner, and radially 
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rrpmMng the liner fax the borehole by extruding the liner off of the mandreL In 
B prpfrm^ ^twHm^t tHft flniHir.Tnfltgriftl is^aetedfrom the group coiisisting 
of dag ™*, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a p r efe rred emhodimffnt, the 
injocting of thr bfrdy rf IhrHir r?f provide lit operflimg pressures and flow 

ratee ranging from about 500 to 9,000 psi and 40 to 3,000 gallonafmin. In a 
preferred embodiment, the injecting of the body of fhiidic material is provided at 
raiucedoperatrngpreagura extruding. 

10 In a preferred embodiment, the fhu^ I* 
a p r efer re d embodiment* a region of the tabular liner below the mandrel is 
pressurised. In a pirfomi embodiment, the ™gfrm tha tabular liner below the 
mandrel is pressurired to pressures raiiging from about 500 to 9,000 paL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbore casing, to 

includes sealing the interface between the tubular liner and to 
casing. In a preferred embodiment, the 

extruded tubular liner using the existing wellbore casing, la a preferred 
ernbcxlmient.the 

20 taterfece between the tubular liner and the existing weHbore casing. In a 
preferred embodiment, method further includes lubricating die surface of the 
mandreL In a preferred embodiment, the method further includes sbaorhing 
shock. In a preferred embodiment, the method fUrther includes catching the 
ma ndr el upon the completion of the extruding. In a preferred embodiment, the 

25 method ftirther includes expanding the mandrel in a radial direction. 

A tie-back Bner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material The tubular hxieriflfom 

ofTof amandreL The annular body of a cured fluidk sealing niaieri^ 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurising an interim In a preferred embodiment, 
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during the pressurLong, the interim 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tabular liner is pressuraed at preggnret ranging fmm yibout 
500 to 9,000 psL In a preferred embodiment, the annular bxxly of a cured fiuidic 
5 sealing material is formed by the proceaa of injecting a body of hardenab le fhiidic 
sealing material into an titthIat wyinn hfttwftm th» *ri«±fng w^irKrn-^ ^gjng and 
the tabular liner. In a preferred embodiment, the tubular liner overlap* with 
another carting weJlbore In a preferred embodiment, the tie»back liner 

fUrthexzndodeaaaealpoaitdonedinth^ 
10 other eziating weDbore casing. In a prefer red cmbxxfirnent, tubular liner is 
supported by the overlap with the other existing wel&are casing. 

An apparatus for expanding a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, ajid an exterior portion. The interior 
portion of the mandrel is drillable. The tabular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third Quid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load beari ng 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearingmember comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Prpfiwihfr, tH^^rpTi^n fafflhrirntrri frrrm mstnrbrin errlrrfnri from t ho group 
c onsisting of tool steel, tftaninm t *nA cera mic Preferably, the expansion cone has 
a surfk» hardness ranging fi^ Preferably at least a 

portion of the apparatus is unliable. 

Although illustrative embwiiinenta of the invention have been shown and 
described, a wide range ftfm™tifir»M/»Tf. chang** and "^*tntiqg is CTnt*™p*"fr^ 
in the foregoing disclosure. In some im ftm^ anoe features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it ia appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 

11. A method of creating a casing in a borehole located in a subterranean 

2 formation, flp 1 1 i pnmn g » 

3 installing a tabular finer and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tabular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

A drilling out a new sectioned 

6 ceji og i 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing; 

9 injecting a hardanable fluidk ■paling material into an annular region 

10 between the tubular Unar and the new section of the borehole; 

11 flnldkfr isolating the anmito 

12 section of the borehole from an frsterior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenahle fluidk material into the interior region of the 

15 tabular liner below the mandrel; 

16 extruding the tubular liner off of the expandabl e mand rel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

IS supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the orralap between the tabular li^ 

the already existing casing; 
removing at least a portion of the hanienahte fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at least & portion of the cured ftuidkhaidenablefiealmginaterW 
within the tubular liner. 

An apparatua for expanding a tabular member, ctgnprimng: 

a support member, the support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage; 
a tub u lar member coupled to the mandrel; ami 
a shoe coupled to the tubule 

wherein the first, second and third fluid passages are operab \y coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the exp andab le 
mandrel including a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the xnandral, the tubular member inc^ 

one or more sealing d cmmtn; 
a shoe coupled to the tubular member, the shoe including: 

a focrth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a gtop member; and 
one or more exhaust passages coupled to the fourth fluid passage fbr 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the supp or t member, the seating 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a attend tu^ 

2 first tabular member haying an inner diameter greater than unnntw d iamet er of 

3 the second tubular member, comprising: 

4 po s i tioning a mandrel within an interior region of the second tabular 

5 member; 

6 pressurixuttjaportkmofth^ 

7 and 

8 extruding the second tubular member off erf the mandrel fato en g a g ement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an "Tin in r member, the annular member including ! 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or nmre pressure relief passa^ 

6 member. 

1 7. A welibore casing; comprising; 

2 a tubular liner, the tubular lnw foamed by the process of; 

3 extruding the tubular Hrier off of a mandrel; and 

4 an annular body of a cured fluidk sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining en existing welibore raring comprising: 

2 a faihnlsr liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tulmlaruMoffofa mandrel; and 

4 an annular body of a cured fiuidk sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member incl u di n g a first fluid passage; 

$ a mandrel coupled to the tupport member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
B an egpandMe tubular member coupled to the mandr el; and 

9 a shoe co upled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the aecond fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wterein the interior portion of the shoe is drillable. 
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